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doi:10.1016/j.ejvs.2008.10.020Abstract Background: To evaluate long-term results of surgical therapy of extracranial
carotid artery aneurysms (ECCA) and to provide a morphologic classification for individual
surgical reconstruction techniques.
Patient and methods: This retrospective analysis includes 57 patients (43 male, mean age 61.9
years.) with 64 carotid reconstructions for ECCA between 1980 and 2004. In 29 (50.9%) of the
patients there was found a cerebral ischemic event as an initial symptom (18 transient
ischemic attacks, 11 strokes). In patients without cerebral events, the presenting symptom
was pulsatile cervical mass in 19 and cranial nerve dysfunction in 3 cases. ECCA was morpho-
logically stratified in Type IZ isolated aneurysms of the internal carotid artery (nZ 25), Type
IIZ aneurysms of the complete internal carotid artery with involvement of the bifurcation
(nZ 8), Type IIIZ aneurysms of the carotid bifurcation (nZ 20), Type IVZ combined aneu-
rysm of the internal and common carotid artery (nZ 5) and Type VZ isolated aneurysm of
the common carotid artery (nZ 6).
Results: Perioperative stroke rate was 1.6%. 4 patients suffered from transient ischemic
attacks (6.3%). Permanent and transient cranial nerve injury rate was 6.3% and 20.3%
respectively. After 5, 10, 15 and 20 years the actuarial survival was 90%, 77%, 65% and 57%.
The ipsilateral stroke-free time was 96%, 96%, 93% and 87%, respectively.otid aneurysm; CEA, carotid thrombendartectomy; CCA, common carotid artery; ICA, internal carotid
IA, transient ischemic attack; MRI, magnetic resonance imaging; DSA, digital subtraction angiography;
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128 N. Attigah et al.Conclusions: Surgical reconstruction of extracranial carotid aneurysms is a safe procedure with
good long-term results. The risk of a permanent, perioperative cerebral neurological deficit is
low, but there is a considerable risk of cranial nerve injury.
ª 2008 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Carotid endarterectomy (CEA) is one of the most frequently
performed operations in vascular surgery, and has well
documented level I evidence to support its benefit.1e5
Extracranial carotid artery aneurysms (ECCA) are rarely
identified and operated.6e8 Only two major single centre
studies have published series of more than sixty
patients.9,10 We report a further large cohort of patients
with ECCA focusing on longterm neurological outcomes.
Early outcomes of this cohort have been previously pub-
lished.11 We also suggest a morphological classification of
ECCA.
Material and Methods
Study design
This study was retrospective. Information on clinical
history, symptoms, operative procedure and neurological
outcomes were collected from the patients’ charts.
Definition
An ECCA of the carotid bulb was defined as dilatation of the
carotid bulb by 1.5-fold of the diameter of the common
carotid artery (CCA), based on the definition of de Jong
et al.12 The diagnosis was confirmed for all patients with an
aortic arch or selective digital subtraction (DSA) angiogram,
magnetic resonance angiogram (MRA) or duplex scan. An
expansion of the vessel diameter of the internal carotid
artery or common carotid artery by 50% above the
expected vessel diameter was defined as an aneurysm.
Patients
Between January 1980 and December 2004, 64 reconstruc-
tions of ECCA were performed in 57 patients. This repre-
sents 1.5% of 4123 total carotid reconstructions during this
period. Fourteen patients were female (25%) and 43 were
male (75%) with a mean age of 61.9 years (range 33e90).
Twenty six (46%) of the patients had been referred from
other hospitals. The right carotid artery was affected in 23
cases and the left carotid artery in 27 cases. Seven patients
had bilateral carotid aneurysms. Six patients had staged
surgery and one simultaneously bilateral operations.
Symptoms
Nineteen of the 64 carotid aneurysms presented as
a pulsatile cervical mass. Three patients presented with
cranial nerve dysfunction, i.e. Horner syndrome, hypo-
glossal and glossopharyngeal nerve palsy, and vagal nerve
compression. Two patients with high aneurysms of theinternal carotid artery complained of swallowing difficul-
ties and one patient complained of hoarseness. In 29 cases
(51%) a focal cerebral ischemia event had occurred prior to
diagnosis [transient ischemic attack (TIA) nZ 18; neuro-
logical symptoms >24 h: nZ 5, and complete strokes
nZ 6]. In 4 clinically asymptomatic patients, brain
computed tomography (CT) images indicated clinically
silent ischemic events had previously occurred.
Concomitant diseases
Twenty-six of the patients (46%) had a history of arterial
hypertension, 11 patients were smokers (19%) and 7
patients (12%) suffered from peripheral occlusive arterial
disease. One patient underwent a simultaneous operation
of an aneurysm of the subclavian artery. In 5 patients an
abdominal aortic aneurysm were repaired by staged oper-
ation. One patient had a small asymptomatic aneurysm of
the contralateral intracranial internal carotid artery.
Aetiology
In 42 cases (66%) there was an atherosclerotic carotid
aneurysm. In 1 patient there was a mycotic aneurysm. In 5
further atherosclerotic carotid aneurysms, the histological
examination showed degeneration or fibrosis of the tunica
media. In 2 cases, a spontaneous dissection of the internal
carotid artery had occurred previously that had been
associated with a non-incapacitating stroke in one case.
Fibromuscular dysplasia (FMD) was diagnosed by histology
in three patients. There were pseudoaneurysms in 8
patients (12.5%). In 7 cases this was at the site of previous
carotid surgery (vein patch, nZ 1, direct suture, nZ 2,
Dacron patch, nZ 4). One patient had a pseudoaneurysm
of the common carotid artery that occurred after iatrogenic
vessel injury during a thyroid gland resection. One female
patient had Marfan syndrome.
Operative Procedures and Intraoperative
Findings:
A standard exposure of the carotid artery was performed.
Dissection and mobilization of the aneurysm was usually
performed after proximal and distal clamping of the aneu-
rysm in order to reduce the risk of intra-operative emboli-
sation. In carotid aneurysms extending high into the neck the
digastric muscle was divided, allowing exposure of the
internal carotid artery up to the base of the skull. When the
aneurysm extended directly under the base of the skull,
distal control was achievedwith a 3 French balloon catheter.
Prior to 1983, an intraluminal shunt was routinely used
(nZ 8). From 1984 onwards selective intraluminal shunting
was used, either when the contralateral side was occluded
or stump pressure was below 30 mmHg. Since 1994 intra-
operative completion angiography was routinely performed.
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anatomy of the aneurysm (Table 1, Fig. 1). The localization
of ECCA and the chosen operative procedure (Table 1, Fig. 1,
AeE, Fig. 2AeC, Fig. 3 AeC) are defined below:
Type I: (nZ 25) Isolated and short aneurysms of the
internal carotid artery (ICA) above the carotid
bulb. In 14 cases the aneurysms were resected and
an end-to-end anastomosis was performed. In 8
cases a 6 mm Dacron graft was interposed after
aneurysm resection, while in one patient
a saphenous vein graft was used. In one patient
the aneurysm was ligated proximally and distally
without revascularisation. This patients had
a carotid dissection extending into the intracra-
nial portion of the ICA.
Type II: (nZ 8) Long aneurysms of the ICA, ranging from
the carotid bulb up to the line of Blaisdell (line
between mastoid process and angle of the
mandible).13 Vein or Dacron-graft interposition
was performed.
Type III: (nZ 20) Aneurysms of the proximal ICA and the
carotid bifurcation were locally resected; the
reconstruction was then accomplished by aneur-
ysmorraphy, patch angioplasty or a Dacron graft.
Type IV: (nZ 5) Aneurysms involving the CCA and ICA as
type III, but extending far more distally and
proximally. They were treated by vein grafts.
Type V: (nZ 6) Isolated aneurysms of the CCA, which were
reconstructed with Dacron grafts.Follow-up
Follow-up included clinical examination by an independent
neurologist, duplex scans and extra- and intra-cranial MRA
if no contraindications were present. Data on overall
survival and ipsilateral stroke-free rate were collected.
Statistical analysis
All patient data were collected in an Excel database (Excel
Microsoft Corporation, Redmond, WA, USA), and data
consistency checks were performed. In case of missing
values or obvious entry mistakes, original patient charts
were reviewed to minimize incomplete data sets. For
continuous variables, means and standard deviations were
calculated. Where data were skewed, median values wereTable 1 Procedure details
n Operative technique
Direct
suture
Patch End-to-end
anastomosis
Vein-graft Dacron
graft
Type I a 25 e e 14 1 8
Type II 8 e e e 8 e
Type III 20 6 6 e 1 7
Type IV 5 e e e 5 e
Type V 6 e e e 1 5
a One type I aneurysm was ligated.determined. Actuarial survival and incidence of new
neurological defects were estimated by the KaplaneMeier
method. Standard error (SE) was used to calculate confi-
dence interval (CI) for each estimated survival rate. One
patient was excluded from the KaplaneMeier analysis as he
was lost to follow-up. Statistical analysis was performed
with XLstat (Addinsoft, USA).
Early Results
30-day mortality rate was 0%. Perioperative stroke rate was
1.6% (nZ 1). In one patient, a hemodynamic striatocap-
sular infarction was diagnosed. At the time of discharge
there was moderate brachio-facial palsy (modified Rankin
scale 2).
Transient neurologic deficits with transient hemiplegia
were seen in 4 patients (6.3%). Permanent cranial nerve
injury rate was 6.3% (nZ 4). Two permanent glossophar-
yngeal palsies were observed after reconstruction of
carotid aneurysms near the base of the skull, but these
were later well compensated. One peripheral facial nerve
palsy did not recede. In one patient the glossopharyngeal
nerve was transected deliberately.
Temporary cranial nerve injuries were observed
perioperatively in 13 patients (hypoglossal nerve in 5;
glossopharyngeal nerve in 4; motor branch of the facial
nerve in 3, and recurrent laryngeal nerve in 1). In 6
patients, symptoms receded within a few days (20.3%). In
three cases the cranial nerve injury was associated with re-
do surgery of a false aneurysm after previous CEA. Cranial
nerve injury was not associated with any particular type of
aneurysm.
Miscellaneous complication rate was 7.8% (nZ 5). One
patient suffered from a non-fatal myocardial infarction on
day 7. One patient was successfully resuscitated in the
recovery room due to an AV block (type III). One patient had
an infected haematoma at the saphenous vein harvest site
in the groin. Two patients required reoperation due to
postoperative bleeding and haematoma.
Late results
Mean follow-up was 13.5 years (range 0.3e25). The actu-
arial survival was 90%, 77%, 65% and 57% after 5, 10, 15 and
20 years respectively (Fig. 4).
Ipsilateral ischemic stroke-free rate was 96%, 96%, 93%
and 87% after 5, 10, 15 and 20 years, respectively (Fig. 5).
In two patients who had cerebral ischemia, stroke was also
the cause of death. Other leading causes of death were
cardiac disease (nZ 4), and malignancy (nZ 5). Perma-
nent cranial nerve injury rate was 6.3% as mentioned
above.
Discussion
ECCAs are rare and longterm outcomes after surgical repair
are seldom reported. This study represents a large single
centre experience with 64 carotid reconstructions in 57
patients with long-term follow-up over 24 years. Our results
show that surgical therapy of ECCA is feasible with good
long-term results. Stroke-free rate was determined with
Figure 1 Morphological classification of the extracranial carotid aneurysms and possible vessel reconstruction alternatives. (A)
Type I: Aneurysms of the internal carotid artery distal to the carotid bifurcation, (B) Type II: Aneurysm of the internal carotid
artery, (C) Type III: Aneurysm of the carotid bifurcation, (D) Type IV: Aneurysm of the internal carotid artery and the common
carotid artery, (E) Type V: Aneurysm of the common carotid artery.
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vascular events in the follow-up period. Based on the
encountered anatomic findings a morphological classifica-
tion for ECCA has been suggested.
Even though the reported incidence of ECCA is low
(<3%),6e8 this vascular disorder has a considerable clinical
impact because of its potential for focal cerebral ischemia
due to embolic events or thrombotic occlusion. In this
study, 50% of patients presented with transient or perma-
nent neurological events. These findings are consistent withreports from other larger series. Radak et al. reported
a prior history TIAs and stroke in 33% and 11% of patients
before ECCA diagnosis.10 The Texas Heart Institute experi-
ence with a total of 65 patients reported focal neurological
symptoms in 42% of the patients.9 The male to female ratio
(3:1) within our series fits with the low incidence of FMD in
our series.14
Clear criteria for defining a carotid aneurysm do not
exist in the literature. De Jong et al. suggested an ECCA
should be diagnosed when the diameter of the carotid bulb
Figure 2 Type III patch aneurysm (A) preoperative MIP-MR-angiography, (B) intraoperative view before and (C) while
reconstruction -shunt and 6 mm Dacron graft.
Surgical Therapy of Extracranial Carotid Artery Aneurysms 131was 1.5 times that of the CCA.12 This definition is based on
a study from Williams and Nicolaides that demonstrated
that the diameter of the carotid bulb is on average 1.2
times larger than that of the common carotid artery.15 This
definition has the advantage that it takes into account
inter-individual variation.
The reported etiology of extracranial carotid aneurysms
depends strongly on the patients’ selection. Today the
percentage of ECCA which are mycotic is suggested to be
only 0e2.8%.16 Only Berguer reported a larger number of
cases of mycotic carotid aneurysms in drug addicts, who
currently represent the group with the highest risk. In
a review of the literature on mycotic aneurysms tooth and
jaw infections were also noted as potential aetiological
factors. The most common organisms involved were strains
of staphylococci, streptococci, Salmonella, and Escher-
ichia coli.17,18 In a more recent study from South Africa, 10
out of 29 patients suffered from a tuberculosis related
ECCA. A further four patients had associated HIV, while
two had syphilis.19 In our patient cohort, there was only
one mycotic aneurysm. The majority of patients suffered
from aneurysms believed to be atherosclerotic in nature
(65%). The aetiology can however be difficult to define.14,20
Pseudoaneurysms after carotid thrombendarterectomy
are, according to the literature, seen quite rarely.21 In our
study 12.5% of patients had received previous carotid
surgery.
A pulsatile cervical mass and local pain were the most
frequent symptoms present at diagnosis.14,22,23Figure 3 Asymptomatic Type II aneurysm in a 35-year old wom
thrombosed aneurysm (B) intraoperative view (C) partial bulb- andHigh ECCA can cause dysfunction of postganglionic
sympathetic nerve fibers and cranial nerves due to
compression or distension leading to swallowing difficulties,
hoarseness or even Horner syndrome.
From the first time a extracranial carotid aneurysm was
described by A. Cooper in 1836 ligation of the carotid artery
was the method of choice until the early 1950s, in which
a high stroke risk of approximately 30% was reported.8 The
selection of operative procedure depends mainly on the
site and size of the aneurysm. Therefore, we introduced
a morphological classification for ECCA (Table 1, Fig. 1.).
Whenever possible, a resection and vessel reconstruction
should be carried out. In aneurysms that extend distally in
the neck, radiological imaging should include MRA or CTA,
in order to precisely determine the relationship between
the aneurysm and the skull base.24 In our series one patient
underwent ligation because of distal ICA dissection.
While ICA aneurysms above the bulb (type I) can almost
always be reconstructed by resection and end-to-end
anastomosis, fusiform aneurysms of the ICA or the CCA
must be replaced with vein or prosthetic grafts.14,16,25 The
decision on whether to use an end-to-end anastomosis was
based on tissue quality and the possibility of tension free
adaptation. Exposure of distal aneurysms can be achieved
by an arc-shaped incision behind the ear. After fracturing
the styloid process, the ICA can be followed up to the base
of the skull. Aneurysms that are restricted to the carotid
bulb (type III) can be excised or resected and then
reconstructed by aneurysmorraphy, patch angioplasty oran (A) Duplex scan demonstrates an asymptomatic partially
ICA-resection and direct suturing.
Figure 4 Kaplan-Meier estimates of acturial overall survival
after ECCA reconstruction.
Figure 5 Kaplan-Meier estimates of ipsilateral stroke
free-time.
132 N. Attigah et al.graft interposition. If the aneurysm extends distally to the
CCA the external carotid artery (ECA) can be resected
(type IV).23
The most frequently encountered neurological compli-
cations in surgery of ECCAs are cranial nerve injuries.
According to the literature, nerve injury occurs transiently in
11e22% of the cases and permanently in 3e13% of patients.
In our series a transient cranial nerve injuries rate of
20.3% and permanent injury rate of 6.3% was docu-
mented.14 Despite subtle operative techniques, these
complications are more frequent, especially in distal ICA
aneurysms, than in surgery for carotid artery stenosis.
Sometimes (as in one case in our series) transection of the
glossopharyngeal nerve is unavoidable for technical reasons.
The reported frequency of transient focal neurological
complications in the literature ranges from 3 to 17%, the
rate in our series was 6.3%. A permanent, non-incapa-
citating neurological deficit was observed in only 1 patient,
and the recent literature indicates rates between 1.5% and
6% 9,10,26 (Table 2).
Only a few studies provide information on late neuro-
logical complications after reconstruction of a carotid
aneurysm. According to Pratschke et al. and Moreau et al.,
well over 80% of the operated patients remain neurologi-
cally symptom free in further follow-up.23,25 In our series,
only 4 patients suffered an ipsilateral stroke during the
follow-up period (stroke rate 7%). In comparison, the
natural history of the disease is associated with a stroke
rate of at least 50%.16Table 2 Comparison of morbidity and mortality
Patients
(n)
Perioperative
mortality (%)
Radak et al.10,a 91 2.2%
El-Sabrout et al.9,b 67 6.1%
Zhang et al.26,b 66 1.5%
a Multi centre study.
b Single centre study.These results suggest that surgical therapy of ECCA has
a long-term beneficial effect in preventing arterio-arterial
embolism with a stroke-free rate of 87% after 20 years
(Fig. 5). In two out of the four ischemic cerebral insults,
stroke was also the cause of death. However, considering
the fact that 50% of the patients presented initially with
a TIA or stroke we believe these outcomes are
favourable.
Endovascular treatment of ECCA can be carried out
using coils.27 Despite the benefits of reduced operative
trauma and sparing of the cranial nerves, there is a 20%
risk of cerebral embolisation from coiling material and
thrombus in the aneurysm sac. Furthermore endoluminal
repair of extra- or intra-cranial aneurysms with
a ‘‘covered stent’’ is an option, but so far evidence about
this procedure exists only in form of case reports and it
seems that there is a definite risk of peripheral emboli-
sation and early occlusion.28 A recent review of the
literature came to the conclusion that covered stent graft
treatment is feasible and safe especially in the setting of
acute bleeding from aneurysms but patency remains
questionable.29 However, new developments in stent
design in combination with cerebral protection devices or
the use of flow diverting stents may further increase
endovascular treatment of ECCA. According to the
morphological classification high type I and low type V
aneurysm might be particularly suitable for an endovas-
cular approach.Perioperative
stroke rate (%)
Cranial nerve
injury
Follow-up
(years)
5.5% 2.2% 5.3 Mean
7.6% 6% 5.9 Median
6.1% e 0.5e15 (Range)
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Surgical repair of ECCAs can be associated with a low stroke
rate (6%) and acceptable risk of cranial nerve injury (6.3%)
and achieves very good long-term results.
Endovascular therapy is reported to be feasible in
selected cases but long-term results are not currently
available. Surgery remains the standard treatment option
for ECCA at present.
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